The distribution of equine herpesvirus 2 (EHV-2) DNA within neurological and lymphoid tissues from 12 EHV-2 seropositive Welsh mountain ponies was determined by PCR. The lymphoid sites sampled in this study were almost universally PCR positive, thus confirming the existing virus co-cultivation data which suggest that the lymph nodes draining the respiratory tract are the main reservoirs of EHV-2 DNA. In addition, EHV-2 DNA was also detected, albeit with lower frequency, within both the peripheral and central nervous systems (PNS and CNS) of these animals. Of the CNS sites sampled 11 % were PCR-positive and in the PNS the trigeminal ganglion proved PCR-positive in 50 % of the animals tested. Since the nasal epithelium is innervated by the maxillary division of the trigeminal nerve, these observations suggest that the trigeminal ganglion may represent a biologically important site for EHV-2 latency.
At present five equine herpesviruses, designated EHV-1 to EHV-5, are recognized. Of these, EHV-1, EHV-4 and EHV-3 are classified as alphaherpesviruses (Davison & Wilkie, 1983 ; Baumann et al., 1986 ; Cullinane et al., 1988 ; Roizman et al., 1992) , whilst EHV-2 and EHV-5 are grouped with the gammaherpesviruses (Telford et al., 1993 ; Agius & Studdert, 1994) .
EHV-2 comprises an intriguing group of antigenically and genomically heterogeneous viruses (Plummer et al., 1973 ; Browning & Studdert, 1987 a) . The viral genome has been characterized and one complete nucleotide sequence has been determined (Browning & Studdert, 1987 b ; Telford et al., 1995) . The important question of the possible subdivision of this group of viruses into specific strains, either by PCR or immunologically based methods, is now being addressed in Author for correspondence : Andrew Slade.
Fax j44 1223 337610. e-mail ajs59!cus.cam.ac.uk several laboratories. In keeping with the gammaherpesvirus habit, previous experiments have shown that EHV-2 is most frequently isolated from lymphocytes and lymphoid tissues (Kemeny & Pearson, 1970 ; Roeder & Scott, 1975 ; Edington et al., 1994) , although its occasional recovery by co-cultivation from trigeminal ganglia has also been reported (Edington et al., 1994) .
Herpesviruses are complex entities and placing them unequivocally in one of the three recognized subfamilies is not always straightforward. EHV-2 and EHV-5 were originally classified as betaherpesviruses (Roizman et al., 1992) , but have since been reclassified as gammaherpesviruses in the light of their nucleotide sequences and certain biological properties (Telford et al., 1993 ; Agius & Studdert, 1994) . In view of this, and since very little work on EHV-2 latency has been carried out thus far, we believed that a comprehensive survey of the tissue distribution of EHV-2 DNA would provide a valuable insight into the biology of the virus. To avoid the need for new experimental animals, it was decided that this work could be most sensibly carried out using our extensive collection of frozen tissue samples from conventionally reared Welsh mountain ponies.
During the course of our work on these ponies we have isolated a fast growing EHV-2 (EHV-2 MR) which produces large, well defined plaques in equine dermal cells within a 3-4 day incubation period. The infection status of 12 Welsh mountain ponies was determined, using this virus and archived sera taken ante mortem, by a virus neutralization plaque reduction test. The assay is specific for EHV-2 and no crossneutralization has been reported between EHV-2 and EHV-1, EHV-4 or EHV-3 (Agius & Studdert, 1994) . All the animals showed evidence of previous natural EHV-2 infection thereby confirming previous serological surveys which suggested that approximately 100 % of older horses carry antibodies to EHV-2 (Bagust et al., 1972 ; Rose et al., 1974 ; Agius & Studdert, 1994) .
PCR primers for a nested reaction, complementary to a region within ORF64 (tegument protein), were designed and synthesized. ORF64 was chosen because it represented a region of conserved sequence among different EHV-2 isolates in our laboratory (unpublished results). Outer pair sequences 0001-4425 # 1997 SGM BBBF Table 1 . Distribution of EHV-2 DNA in 21 discrete anatomical sites from 12 Welsh mountain ponies j, EHV-2 DNA detected by PCR ; k, EHV-2 DNA not detected by PCR ; , sample not available for testing ; p1-p12, animal identification number.
were 126089n 5h TATGAAGGTAACTACAGA 3h and 126371c 5h CTCCCGCGACGACTCGCT 3h. Inner pair sequences were 126146n 5h GAGGACATGGCCTTGGAG 3h and 126292c 5h TTGATCGAGGGGTAAACA 3h. The reaction mixes (50 µl), which were prepared in a dedicated EHVfree area, contained 0n5 µM of each primer, 0n2 mM dNTPs, 2n5 mM MgCl # , 1n5 units Taq polymerase, 1i reaction buffer and 1 µg template DNA. The cycling profile employed was denature at 94 mC for 2 min, followed by 35 cycles of denature at 94 mC for 30 s, anneal at 58 mC (outer pair) or 61 mC (inner pair) for 30 s, extend at 72 mC for 1 min ; 1 µl of the first round reaction was used as template for the second round. Using purified viral DNA as template, first and second round products of the expected 282 bp and 146 bp sizes were made. Following serial dilution of this template the minimum sensitivity of the reaction was found to be approximately 0n1 fg, which equates to fewer than 10 copies of EHV-2 DNA. The reaction amplified both the LK (K. Borchers, Free University of Berlin, Germany) and 86\87 (a gift from A. J. Davison, Institute of Virology, Glasgow, UK) isolates of EHV-2 as well as the virus which had been isolated from our ponies. No reaction products were seen when the primers were used with purified EHV-1 and EHV-4 DNA as the template, thus indicating that the reaction was both sensitive and specific.
PBMC and tissue samples, encompassing 21 distinct anatomical sites, from each of the 12 ponies were retrieved from storage at k70 mC. All of these samples had been taken and stored with extreme care to avoid cross-contamination. DNA was isolated, in batches of 10 random tubes, from all the samples by standard proteolytic digestion and solvent extraction (Kitchin et al., 1990 ; Slater et al., 1994) incorporating all the precautions and controls required for the preparation of BBBG template for use in PCR reactions. Amplification controls consisted of uninfected mouse tissue, cultured equine dermal cells and co-processed water samples. These proved to be uniformly negative.
The tissue samples chosen for test amplification included a number of lymphoid sites as well as a wide range of sites from the peripheral and central nervous systems (PNS and CNS).
All of the amplification reactions were performed in duplicate with the products being confirmed as EHV-2 derived by Southern blot analyses. The results are shown in Table 1 . From this it can be seen that our PCR data confirm that EHV-2 is widespread in the general horse population and that leukocytes and lymph nodes draining the respiratory tract are major reservoirs of EHV-2 DNA. However, the presence of EHV-2 DNA within certain sites of the PNS and CNS in some of the animals tested is a novel finding with interesting implications with respect to EHV-2 biology. In 8\12 of the animals at least one neurological site was positive for EHV-2 DNA. The most common CNS site recorded as positive, with 5\12 animals, was the choroid plexus. In addition, 2\12 animals had positive olfactory lobes. A further six discrete CNS sites were identified as positive within the test group. However, only one of each of these sites was represented in any one animal. In the PNS, 6\12 animals had positive trigeminal ganglia.
That the positive results in the neurological sites were caused by the adventitious presence of lymphoid cells is unlikely for two reasons. First, the number of positive results in these sites varied widely from animal to animal : if blood contamination were a problem one might expect a more even distribution of EHV-2 DNA. Indeed, EHV-2 DNA was not detected in the CNS or PNS of four ponies whose PBMCs were PCR-positive, and EHV-2 DNA was detected in the nervous system of one pony (P5) whose PBMCs were PCR-negative. Second, by serially diluting the positive PBMC DNA samples and repeating the amplifications we were able to establish that EHV-2 DNA could not be detected in less than 0n05 µg of template DNA. Assuming that 1 ml of whole blood contains 250 000 lymphocytes and that 1 µg of DNA is derived from 150 000 cells, then on average each 30 µl of whole blood will contain one copy of EHV-2 DNA. Each tissue sample (8 mm$) can only have contained a minute volume of blood with a concomitantly tiny number of EHV-2 genomes. If a PCR reaction is detecting an average of one copy of target per unit of template it is expected that 6\10 amplifications will yield a positive result (Poisson distribution). Because we have 20 neurological tissue samples which gave consistent positive results after amplification in triplicate, i.e. 60 reactions, we conclude that EHV-2 DNA was not detected solely as a result of the presence of lymphoid cells. If this had been so, then a mixture of positive and negative results would have been expected on repeated amplification of these samples.
There is literature precedent for the detection of other gammaherpesviruses in the CNS and PNS. The CNS is the third most frequently involved site in Epstein-Barr virusrelated Burkitt's lymphoma and many patients show cranial nerve (especially III, IV, VI, VII) involvement prior to cerebrospinal fluid malignant pleocytosis (Junker, 1994) . Thiry et al. (1990) reviewed the biology of bovine herpesvirus 4 (BHV-4) and reported that after primary infection BHV-4 persists in a latent state in the nervous ganglia and mononuclear blood cells. In this study, we have shown that that 50 % of the trigeminal ganglia tested were positive for EHV-2 DNA. Edington et al. (1994) reported a 10 % recovery rate of virus by co-cultivation assay of trigeminal ganglia from abattoir horses. In combination, these facts suggest that the virus detected in the trigeminal ganglia was not a sterile infection, where viral DNA can be detected but infectious virus cannot be isolated by explant co-cultivation methods, as has been observed with herpes simplex virus type 2 in mice (Lynas et al., 1992) . Since the nasal epithelium is innervated by the maxillary division of the trigeminal nerve, these observations suggest that the trigeminal ganglion may represent a biologically important site for EHV-2 latency. The detection of EHV-2 DNA in the olfactory lobe of two ponies raises the possibility that olfactory neurones may also function as sites for latency from which reactivating virus can reach the respiratory tract. Recently, we have demonstrated successful infection of mice with the EHV-2 MR isolate. Detection of viral DNA in the trigeminal ganglia and olfactory bulbs of mice during the acute infection and then later for several weeks parallels the results for the natural host that we report here (accompanying paper : Rizvi et al., 1997) .
Perhaps the most striking observation is the uneven distribution of EHV-2 DNA within the neurological sites of the different animals (Table 1) . In some animals EHV-2 DNA was not detected in any sites within the CNS or PNS (P3), whereas in one animal as many as 40 % of the CNS and PNS sites sampled were PCR-positive (P9). Although some host factors may be involved, it is tempting to speculate that these animals may be infected by different strains of EHV-2 manifested by varying neurotropism. It would be very interesting to test this hypothesis once EHV-2 strain typing methodologies are established.
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